A comparative study of peptide composition and freeze-fracture morphology of chloroplast membranes from a chlorophyll b-less mutant and a normal barley plant (Hordeum vulgare L.) is reported in this work. Using a high resolution, discontinuous sodium dodecyl sulfate acrylamide gel electrophoretic system, we show that the mutant chloroplast membranes not onlv completely lack the 25-kilodalton peak, which accounts for about 18% of the chloroplast membrane protein in the normal plant, but also exhibit gross reduction in other components at 27.5-and 20-kilodalton regions. In this paper we explore the peptide composition of mutant chloroplast membranes in greater detail than reported previously. So that our results are comparable to previous studies, we analyzed the mutant and wild-type membranes by polyacrylamide disc gel electrophoresis. These preparations were then further analyzed using a high resolution SDS-acrylamide slab gel electrophoretic technique.
In 1950 Highkin reported a chlorina strain of barley which apparently lacked Chl b (11) . Several years later, Highkin and Frenkel (12) , using more sensitive techniques, confirmed the absence of Chl b and undertook the first metabolic studies of this unusual higher plant. In 1966, two studies (5, 10) appeared simultaneously, dealing with the structure and photochemistry of the chloroplasts from the Chl b-less barley mutant and its wild type. The mutant chloroplasts were reported to have a rather disorganized internal membrane system, with less lamellae per granum and fewer grana per chloroplast than the wild type (10) . These changes in chloroplast structure did not impair the photochemical abilities of the mutant as shown by Boardman et al. (5) . Indeed, all membrane-associated functions were active in the mutant and displayed rates which were comparable to those of chloroplasts from the wild type.
For over 20 years the only demonstrated chemical deficiency in the barley mutant was the absence of Chl b, although it remained a definite possibility that some other lesions on the photosynthetic apparatus might exist. Recently, chloroplast membrane polypeptides have been analyzed by SDS-acrylamide gels and it was found that the chloroplasts of the mutant plants lack certain polypeptides (2, 9, 23) .
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mobilities vary somewhat in these reports. Thornber and Highkin (23) , using a rather crude system for peptide fractionation, observed the absence of a large band in the mutant profile; Genge et al. (9) obtained essentially the same result; Anderson and Levine (2, 3) in two recent publications, using quite different solubilization procedures and electrophoresis techniques, succeeded in showing that two of the group IL polypeptides, Ilb and Ilc, were missing from the mutant pattern whereas two new peptides with slightly different mobilities from lIb and Ilc were reported. These apparent discrepancies are undoubtedly the result of differences in the analytical techniques used, and these conflicting data should be resolved with further comparable observations. In this paper we explore the peptide composition of mutant chloroplast membranes in greater detail than reported previously. So that our results are comparable to previous studies, we analyzed the mutant and wild-type membranes by polyacrylamide disc gel electrophoresis. These preparations were then further analyzed using a high resolution SDS-acrylamide slab gel electrophoretic technique.
A freeze-fracture study of the photosynthetic membranes of both the Chl b-less mutant and the wild type is also presented. This study was prompted, in part, by recent observations in our laboratory (19) that in spinach the peaks in the 25 kD3 region, which may be assumed homologous with those in barley, are associated with the inner fracture face (B) of the membrane which is the site of the large particles. If a similar correlation holds for barley chloroplasts, one would expect that the mutant chloroplast, lacking this group of polypeptides, might exhibit some modification of the large B-face particles. Gel Electrophoresis. The electrophoretic method employs a discontinuous SDS buffer system (15) ; gels were prepared either in cylindrical glass tubes or in a thin slab apparatus (Hoefer Scientific Instruments, San Francisco). The tube (0.6 x 10 cm) gel technique uses a 1-cm long 5% stacking gel (pH 6.8) and a 8-cm long 9% separating gel (pH 8.8), prepared according to Laemmli (15) . Forty microliters of sample solution were layered on the top of the gels and the run was started at 1 mamp/tube. When the protein entered the lower gel, the current was doubled and the run continued until the tracking dye (pyronin Y) was about 1 cm from the end of the tube. The slab apparatus consists of 2 glass plates (30 cm long, 18 cm wide) which sandwich a 0.75-mm thick slab gel between them. An upper 5% gel (pH 6.8) and a 9% lower gel (pH 9) as described by Studier (22) and Ames (1) (24) and are expressed in kD. Because of the rather extensive washing procedure to which the chloroplast lamallae have been subjected, the polypeptides seen in the gel profiles are considered tightly bound components of the photosynthetic membranes.
MATERIALS AND METHODS
Examination of the densitometric tracing of Figure lA shows that four components predominate the gel profile, viz., the peaks at 55, 54. 31.5, and 25 kD; of these, the 25 kD band is probably a composite, as can be seen in Figures 1B To find whether additional differences could be observed with higher resolution techniques we reexamined the peptide profiles for the mutant and wild-type chloroplast by SDS-slab gel electrophoresis. Besides the higher resolution achieved, this technique introduces some other important advantages, especially a more satisfactory comparison of bands due to elimination of variations from tube to tube which occur in disc gel experiments. An SDS-slab gel photograph is presented in Figure 2 . Through an appropriate change in pH of the separating gel, we were able to spread the bands below the 25 kD peak, so that they were now more discretely separated and minor differences were more easily detected. The number of bands was almost doubled as can be seen when Figure 2 is compared with the disc patterns in Figure 1 , A and B. The original slab gel showed more than forty components. Not all of these, however, are visible in the photograph. The slab gel data confirm the differences already detected with the disc gels. A possible additional difference was noticed in the polypeptide immediately above the 20 kD peak, which was not visible in the mutant profile.
Freeze-fracture. After some initial dispute it is now generally accepted that the freeze-fracture splits the membrane along an internal fracture plane, yielding two complementary faces (6, 25) . Application of this technique to chloroplast lamellae led to visualization of these membranes as particulate structures. One interesting observation was that the particles are not distributed at random within the membrane but rather are arranged in such way that one can differentiate two complementary fracture faces. Following the nomenclature of Branton and Park (7), B is the face bearing a relatively small number of large particles (average 175 A in diameter and about 90 A in height) and C is the face packed with large numbers of particles which are heterogenous in size but smaller than those of face B. Images of the freeze-fracture chloroplast membranes from the wild type and Chl b-less mutant barley plants are shown in Figure 3 . Apparently, the deletion of polypeptides in the mutant has little or no effect on the fracture plane; the two electron micrographs are very similar, not only to each other, but to other published work on barley (13) and higher plants in general (7, 16, 17, 20 according to those authors they have different electrophoretic mobilities from those peaks and can not be considered homologues of components Ilb and lIc. In a recent publication, Anderson and Levine (3) reexamined the polypeptide profile of both mutant and wild-type chloroplast membranes and reaffirmed their view that the two polypeptides present in the mutant profiles are not coincident with those in the wild type. They also reported an increase in polypeptide Ila relative to the wild-type profile, which none of the above authors found in their gels.
Our results disagree to a certain extent with these reports. We show the virtual absence of the 25 kD component as well as a large decrease in the 27.5 and 20 kD components in the mutant profile. We have not found any new polypeptide or enrichment in any of the mutant components relative to the wild-type pattern. These discrepancies are probably attributable to differences in the analytical procedures used. Under the conditions in which membrane-proteins are most often solubilized the process is incomplete, with the consequence that small aggregates may be mistaken for single polypeptides. This may explain some of the variations in results reported in the two papers by Anderson and Levine (2, 3) discussed above. When Figure 1 of reference 2 is compared with Figure 3 of reference 3, numerous differences are apparent, even though the same solubilization and separation procedures were used. The group I polypeptides, for example, while separated in Figure 3B (3) exist as a single peak in Figure lB (2) . Also striking disparity in the ratios of group II peak heights can be seen between Figures 1 (2) and 3 (3) as well as a large variation in the amount of low mol wt components in the two experiments. The solubilization procedure used by us not only gives a reproducible pattern from run to run, but also resolves a large number of peaks on disc gels, allowing a finer and more reproducible analysis of polypeptide composition, which better characterizes the differences between mutant and wildtype membranes.
From compositional data (4, 18) on chloroplast membranes, we know that the electron transport components of chloroplast lamellae account for less than 15% of the total membrane protein. Thus, it is not surprising that extensive deletions of polypeptides can occur in the Chl b-less mutant without seriously affecting electron transport. However, we tacitly assume that the "structural polypeptides," although not directly involved in electron transport are essential to the proper spatial configuration of the membrane. In this sense, the finding that their omission has no major effect on the functional integrity of the chloroplast membrane is unexpected. The observations by Thornber For many years the absence of the Chl b was implicitly attributed to the omission of an essential step in the conversion of this pigment from its precursor, Chl a. The present observations, as well as data from others (23) , suggest that, alternatively, the lack of the pigment could be attributable to the absence of an appropriate environment in the chloroplast membrane for that reaction to occur: this causes the phenotypic expression of the mutation. A third possibility, already evoked by Highkin and Frenkel (12) and the one that most easily would explain the multiple differences between the mutant and wild-type strains, is that several sites have been affected by mutation. The present data do not allow us to select among these different possibilities. and more detailed genetic and biochemical analysis must be performed before the primary effects of the mutation become understood.
The observation that the mutant chloroplast membranes do not show any apparent alteration of their intramembranous particles, either in size or in number, is unexpected because there is evidence that these particles are largely protein in nature (17) 
